Histological changes attributable to busulphan were found at necropsy in the lungs of six out of 14 cases of chronic granulocytic leukaemia. The alveoli contained persistent fibrinous oedema converting to fibrous tissue, and also atypical cells. Only one out of seven controls with leukaemia showed fibrinous oedema, and atypical cells were absent. In the lungs from rare cases of fatal pulmonary fibrosis due to busulphan, the histological changes were similar but more severe. It is concluded that busulphan commonly causes fibrinous oedema in chronic granulocytic leukaemia and on rare occasions it becomes severe or persistent enough to cause fatal fibrosis of the lungs. The name busulphan lung is suggested for any of these changes. The term 'intra-alveolar fibrosis' should be used instead of 'interstitial fibrosis', as it had been called by most previous authors. Despite these findings we consider that this valuable drug should be discontinued only in those very rare instances when intra-alveolar fibrosis shows signs of becoming disabling.
The standard present-day treatment of chronic granulocytic leukaemia is based on the daily administration of about 4 mg. of the alkylating agent busulphan (Myleran) (Galton, 1953) . The white-cell count is often controlled effectively by the drug for many years.
A number of side-effects have been encountered with the use of this drug. Sterility and hyperpigmentation are seen frequently and are usually overlooked. On rare occasions dangerous sideeffects are encountered, such as pulmonary fibrosis (Oliner, Schwartz, Rubio, and Dameshek, 1961; Leake, Smith, and Woodliff, 1963; Koss, Melamed, and Mayer, 1965; Harrold, 1966; Smalley and Wall, 1966) . The present study is concerned with this complication. Other dangerous side-effects are suppression of the bone marrow and a disorder with certain clinical features of Addison's disease.
In a case of fatal pulmonary fibrosis following treatment with busulphan we found that the alveoli were occupied by organizing fibrin and that the fibrous tissue appeared to be largely intraalveolar rather than interstitial, as had previously been described. We therefore examined a series of patients who had died from chronic granulocytic leukaemia with and without busulphan therapy and found that organizing .fibrinous oedema was common after busulphan therapy but not in the other patients. The Papua, New Guinea to that which we had observed previously in hexamethonium lung (Heard, 1962) so we have chosen the term 'busulphan lung' as the title of this paper.
MATERIALS AND METHODS
Histological sections were collected from 21 patients with chronic granulocytic leukaemia. Fourteen patients had been treated with busulphan; seven had not, having died before busulphan was introduced. Paraffin sections were stained with haematoxylin and eosin, phosphotungstic acid haematoxylin, Gordon and Sweet's silver impregnation of reticulin, Weigert's stain for elastic, and van Gieson's stain for collagen.
RESULTS
Fibrinous intra-alveolar oedema of the lungs, often becoming organized, was found in the sections of six out of 14 cases of chronic granulocytic leukaemia treated with busulphan. This contrasted sharply with a group of earlier cases treated before busulphan had been introduced; fibrinous oedema was present in only one out of seven of these patients.
The earliest histological changes in the lungs consisted of an intra-alveolar accumulation of fibrin mixed with varying numbers of red cells (Fig. 1) What we believe to be an extreme example of the process just described and diagnosed clinically as pulmonary fibrosis was seen in the lungs of a man of 43, who received busulphan for two years and developed increasing dyspnoea terminating in death. Chest radiographs showed progressive bilateral diffuse nodular shadowing, and at necropsy (Dr. D. A. Pocock) the lungs were overweight and firm (left 1,160 g., right 1,430 g.) and the external surfaces were finely mottled. The cut surfaces revealed many scattered irregular pale areas, 1 to 2 mm. in diameter. Most parts of the lungs were involved to some extent, but the subpleural region was less affected than the centre, at least inferiorly and posteriorly (Fig. 2 ). Close examination with the dissecting microscope showed obliteration of many air-spaces in an irregular fashion (Fig. 3) . The centres of lobules were not particularly affected, in fact they often seemed to be avoided, and septa were not thickened.
Histologically, the affected parts showed intraalveolar fibrinous oedema in some areas, organizing fibrin in others, and much fibrosis which was predominantly intra-alveolar. Some veins showed intimal fibrosis. The intra-alveolar and intra-ductal position of the fibrous tissue is particularly well seen with the reticulin stain (Fig. 4) , for the centres of the alveolar ducts are sometimes occupied by long plugs of reticulin-rich tissue. Where the alveolar walls were thickened (interstitial fibrosis), the appearances supported the possibility that organizing fibrin was incorporated from the lumen into the wall, although this could not be proved.
In addition to fibrinous oedema and fibrosis. busulphan induced the formation of atypical alveolar epithelial cells. These were found in six out of 14 patients receiving busulphan (including the patient with severe fibrosis) and in none of the seven patients treated before busulphan was introduced. They occurred singly and were scattered alike through fibrous and non-fibrous areas. They were oval or elongated in outline and the largest measured up to 20 x 40 ,u, though the average was smaller than that. The plentiful cytoplasm was faintly eosinophilic or basophilic and varied from homogeneous to finely granular or even vacuolated in texture (Fig. 5) . The nucleus was single as a rule, and up to 12 u across. Its outline was round, oval or irregular, and the edge was sharp owing to a heavy deposit of peripheral chromatin. Sometimes the whole nucleus was darkly stained, but more often the chromatin was finely stippled in patches or throughout the nucleus, and it was sometimes denser in the centre. Red-staining nucleoli were common and occurred singly or in pairs, and clear nuclear vacuoles of a similar size were sometimes present. Mitoses were absent. There was no resemblance to the changes of cytomegalic inclusion-body disease (Heard, Hassan, and Wilson, 1962) .
It was mostly the same cases that showed bizarre cells and organizing fibrin. This will be discussed below, but it should be mentioned here that, although these two features were found in the same lungs, they were not in close association walls showed large atypical cells and leaked fibrin. Alternatively, the presence of fibrin stimu-The frequent occurrence described in this paper of lated activity in alveolar cells and they reacted fibrinous oedema of the lungs and organization abnormally.
in patients given busulphan for chronic granulo- cytic leukaemia, and its almost complete absence from similar patients not given busulphan, suggests to us that the drug acts on the alveolar walls in some way to cause the process. The presence of large atypical cells in the alveoli of the same patients supports this. We believe that the same mechanism is responsible for the rarer severe pulmonary fibrosis which is also intraalveolar.
Fibrinous oedema of the lungs is a common finding at necropsy and is usually associated with left ventricular failure. The subject has been reviewed recently by Heard, Steiner, Herdan, and Gleason (1968) , who showed changes very similar to the present ones in the lungs of patients with left ventricular failure whether or not uraemia was present. The heart in the present cases showed no consistent gross or microscopical abnormality attributable to either leukaemia or busulphan. The only reference to support a cardiac abnormality is that of Harrold (1966) , who described in a patient with pulmonary fibrosis a considerable slowing in atrioventricular conduction time which returned to normal after busulphan therapy was stopped. Other causes of fibrinous pulmonary oedema are inflammation, as in rheumatic fever, x-ray treatment involving the lungs, and other drugs. None of the present cases had rheumatic fever. The only infecting agent was Pneumocystis carinii in one case. A careful analysis of the biochemical data and drug treatment revealed nothing apart from busulphan that was likely to be the cause (including blood urea and deep x-ray treatment). It should be noted, however, that three out of seven patients with pulmonary changes were receiving mercaptopurine and two received treatment with deep x rays; either of these may have had a contributory effect on the lungs. The possibility that leukaemia rather than busulphan was primarily responsible is ruled out by the findings in the group not treated with busulphan. Again, however, leukaemia may have had a contributory effect on the lungs.
The intra-alveolar position of the pulmonary fibrosis after busulphan therapy has been allmost completely disregarded by previous writers who thought it was interstitial. The first report of fibrosis after busulphan therapy was that of Oliner and co-workers (1961) , who described in a lung biopsy focal 'chronic pneumonitis' with fibrosis and pleural adhesions, as well as chronic proliferative endarteritis and sometimes thrombi. Scanty lymphocytes and plasma cells were noted and also large atypical alveolar epithelial cells.
Similarly, Leake and co-workers (1963) described 'interstitial fibrosis' in needle biopsies of the lungs of two cases as well as at necropsy. These latter authors kindly lent us sections of their cases, and the appearances are the same as in our case of severe fibrosis, i.e., we think most of the fibrous tissue is intra-alveolar. Nelson and Andrews (1964) were more concerned with the large atypical cells than with the fibrosis. Koss and coworkers (1965) appear to have been the first to include intra-alveolar fibrosis in their descriptions; in three patients with large atypical cells they described fibrosis as nodular and diffuse, peribronchial, inter-and intra-alveolar, and subpleural. No histological appearances of the lungs were given by Harrold (1966) , but Smalley and Wall (1966) described 'interstitial fibrosis' in a lung biopsy and also 'bilateral organizing pneumonia with interstitial fibrosis' at necropsy.
None of the previous authors appears to have noted the common occurrence of fibrinous oedema after busulphan therapy or its probable relationship to intra-alveolar fibrosis through organization. We found this process to be as distinct histologically in some patients after busulphan therapy as it was with left ventricular failure. We presume that increased permeability of alveolar capillaries or venules is common to both circumstances and that it is due in one to the drug acting on the alveolar wall, possibly through the development of hypersensitivity, and in the other to increased intravascular pressure. Oliner and coworkers (1961) suggested that hypersensitivity to the drug was important in causing fibrosis of the lung, and they noted similarities to hexamethonium lung and the similar chemical structures of busulphan and hexamethonium. However, they also considered the possibility of a radiomimetic action of busulphan. We can support the resemblance to hexamethonium lesions on the further grounds that the organizing intra-alveolar fibrin and fibrosis described in the present article occurs also after treatment with hexamethonium (Doniach, Morrison, and Steiner, 1964; Heard, 1962) .
Large atypical cells in the alveoli have been described by several authors, and this peculiar change is not confined to the lungs. They have been seen after busulphan therapy in the bronchial and bronchiolar epithelium (Waller, 1960; Koss et al., 1965) , in uterine cervical smears arousing suspicions of malignancy (Gureli, Denham, and Root, 1963; Koss et al., 1965) , throughout the body of an infant born to a mother receiving busulphan (Diamond, Anderson, and McCreadie, 1960) , in reticulum cells in the bone marrow, and in other cells in lymph nodes, pancreas, thyroid, adrenals, kidneys, liver, and many other sites (Gtireli et al., 1963; Nelson and Andrews, 1964; Ward, Konikov, and Reinhard, 1965; Koss et al., 1965; Oliner et al., 1961) .
In animals, marked polyploidy and reduction in mitoses has occurred after busulphan treatment (Chevremont, Baeckeland, and Frederic, 1960) but not pulmonary fibrosis, though it may not have been sought particularly. Cataracts have been produced in rats (Solomon, Light, and De Beer, 1955 (Weston and Guin, 1955 
